Electron spins in semiconductor quantum dots are good candidates of quantum bits for quantum information processing. Basic operations of the qubit have been realized in recent years: initialization, manipulation of single spins, two qubit entanglement operations, and readout. Now it becomes crucial to demonstrate scalability of this architecture by conducting spin operations on a scaled up system. Here, we demonstrate single-electron spin resonance in a quadruple quantum dot. A few-electron quadruple quantum dot is formed within a magnetic field gradient created by a micro-magnet. We oscillate the wave functions of the electrons in the quantum dots by applying microwave voltages and this induces electron spin resonance.
I. INTRODUCTION
Electron spins in semiconductor quantum dots (QDs) have relatively long coherence times in solid state devices [1] [2] [3] [4] and potential scalability by utilizing the current extensive semiconductor fabrication techniques. They are considered good candidates for quantum bits 5 in quantum information processing 6, 7 . The required elementary operations on the spin-1/2 qubits for quantum information processing have been demonstrated recently. The spin states are initialized and read out using the Pauli spin blockade (PSB) 8 or tunneling to the leads from Zeeman split energy levels 9, 10 . Rotation of single spins has been realized by electron spin resonance (ESR) 11 . Addressability and the speed of single spin rotation are improved by micro-magnet (MM) induced ESR 12, 13 . High-fidelity single-spin rotation decoupled from the fluctuating nuclear spin environment was demonstrated 14 . Entanglement operations of two spins are realized by utilizing exchange interaction and fast two qubit operations have been demonstrated 15, 16 . This scheme of the spin-1/2
qubit is applicable to a wide variety of materials including Si, which has a long spin coherence time 3, 4 .
Scale up of the QD system is crucial to realize larger scale quantum gate operations and also explore multi-spin physics. To this end, spin qubit experiments on multiple QDs have been reported in recent years. In triple QDs, PSB has been observed 17, 18 and the exchange only qubit utilizing a triple QD as a single qubit has been demonstrated [19] [20] [21] . Towards three spin-1/2 qubits 22 , ESR in a triple QD was recently realized 23 . Experiments on quadruple QDs (QQDs) have also been started 24, 25 , and a QQD is utilized for realization of two qubit operations on singlet-triplet qubits 26 . For four spin-1/2 qubits, the precise charge state control in a tunnel coupled QQD has been demonstrated in the few-electron regime 27 .
In this paper, we demonstrate four distinctly addressable electron spin resonances in a QQD.
First, we realize few-electron charge states in a QQD required to observe PSB. Second, we observe PSB for readout of ESR signals by utilizing spin rotation induced by the nuclear spins and the MM. 500 nm Figure 1 (a) shows a scanning electron micrograph of the device. The device was fabricated from a GaAs/AlGaAs heterostructure wafer with an electron sheet carrier density of 2.0 × 10 15 m −2 and a mobility of 110 m 2 /Vs at 4.2 K, measured using the Hall-effect in the van der Pauw geometry. The two-dimensional electron gas is formed 90 nm under the wafer surface. We patterned a mesa by wet-etching and formed Ti/Au Schottky surface gates by metal deposition, which appear white in Fig. 1(a) . By applying negative voltages on the gate electrodes, a QQD and two QD charge sensors 28 are formed at the lower and the upper sides, respectively.
II. EXPERIMENTS AND RESULTS

A. DEVICE AND MEASUREMENT SETUP
The QD charge sensors are connected to RF resonators formed by the inductors L 1 and L 2 and the stray capacitances C p1 and C p2 (resonance frequency f res1 =298 MHz, f res2 =207 MHz) for the RF reflectometry [28] [29] [30] . The number of electrons in each QD n 1 , n 2 , n 3 , and n 4 is monitored by the intensity of the reflected RF signal V rf1 and V rf2 . A MM is deposited on the shaded region on the top of the device, which creates local magnetic fields to induce ESR. The external magnetic field is applied in the plane along the z axis and magnetizes the MM. The following measurements were conducted in a dilution fridge cryostat at a temperature of 13 mK. ) and (e) show the singlet return probability P S as a function of f ESR and the external magnetic field B ext . P S is calculated from V rf1 (V rf2 ) by using the method reported in the references 21, 33 . We can see the decrease of P S when the applied microwave frequency matches the external magnetic field plus the z component of the stray field created by the MM 
III. SUMMARY
In conclusion, we have demonstrated formation of few-electron charge states, and observed spin blockade and four distinct ESR signals in a QQD. The four observed ESR dips are well separated and we are able to individually address spins by choosing the appropriate B ext and f ESR .
These results will be important for Rabi measurements of four or more spin-1/2 qubits, multiple qubit operations, and demonstration of larger scale quantum gate operations. These also contribute to exploring multi-spin physics in controlled artificial systems.
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